Water content plays a crucial role in seed development, particularly at the seed sowing stage, and it ensures good seed germination. A water seed drill was designed and developed to provide an optimum quantity of water that is required for the soil in the same furrow, right after seed placement. This soil moistening method not only improves the moisture level in the field, but it also saves a large amount of water by applying the needed water quantity in the line of sowing after seed placement. The water seed drill consisted of a wheat seed drill, a water application system, and a tank with 400 L capacity. The water seed drill yielded a 48% higher germination count than when wheat is planted through a conventional method. The data recorded also showed that the water seed drill raised the soil moisture to 24% from the existing 13% soil moisture content. The total operational cost of the water seed drill was 2.57-fold greater than the conventional seed drill, but the output cost of the water seed drill was 2.15 times (49,000 Rs/ha) more than that of the conventional seed drill.
Introduction
The increasing worldwide population is a serious problem, as the agriculture sector needs to produce large amounts of food to meet their requirements. Efforts are underway to enhance crop production through an increase in per hectare yield. The low yields per hectare of wheat crops are due to late sowing, inaccurate planting methods, and shortages of irrigation water. Developing countries are facing a big challenge to meet the irrigation needs for crop production. Rainfed agriculture in Pakistan is mainly dependent on rainfall irrigation. The major impediment to enhancing wheat yield in the arid (Barani) area of Pakistan is a delay in sowing, due to little or no moisture being present in the soil [1] .
Line sowing is desirable, because it allows for more even seed spacing, an accurate depth of planting, and proper space for weeding. In comparison with the broadcasting of seeds, the drill sowing method gives higher yields, due to the greater uniformity of seed distribution and accurate seeding depth. A higher germination rate and more uniform crop-stand have been found in the seed drill method [2] . The sowing of wheat at a proper time makes a significant contribution to achieving higher yields [3] . In late sowing, low temperature affects seed germination, which delays tillering, resulting in less time being available for the proper growth of plants [4] . Experiments have shown that the sowing of wheat after November 15 decreased the yield by 37 kg/ha/day, despite better management and
Material and Methods
A water seed drill was designed and developed by the Faculty of Agricultural Engineering & Technology, PMAS Arid Agriculture University, Rawalpindi, in 2015. The water seed drill was created with locally available materials and manufacturing techniques.
Water Seed Drill
The water seed drill was developed to fulfill the soil moisture deficit in the soil, particularly at the seed sowing stage. The water seed drill is a combination of a common seed drill and a water application system. A water application system was mounted onto the seed drill, to apply water into the field during the sowing of the seed. This water application system consisted of mounting frame, a water tank, a water delivery pipe, injectors, and water tubes, as shown in Figure 1 . The water delivery tube drops a specified quantity of water at the same depth as where seed is dropped. The seed drill can be easily mounted and de-mounted on a common tractor. The water seed drill is 2,134 mm wide with nine furrows each, and it is separated by 229 mm of space. The water seed drill can also be used independently without the water application system if required, when the soil already has the desired moisture content. The water seed drill applies water at the same depth as that of the seeds. The salient features of the water seed drill are presented in Table 1 . 
Water Application System
The water application system was designed and developed to apply the required amount of water into the soil along with seed, for better seed emergence. This system consists of a water tank, a main Sustainability 2019, 11, 137 4 of 13 valve, a water distribution pipe 381 mm in diameter, water injectors, and water delivery tubes 12.7 mm in diameter, as shown in Figure 1 . The tank was created in three sections using a 24-gauge milled steel sheet. The size of the middle section was 914 mm × 610 mm, and the two outer sections were 457 mm × 305 mm, with a tank depth of 483 mm, and a tank capacity of 400 L water. The required quantity of water was delivered to the soil through water delivery tubes. The quantity of water flowing into the soil could be controlled by the main valve and valves near each water injector.
Seed Drill
A common Rabi seed drill was used to incorporate the necessary features of the water application system. The water application system, injectors, and water delivery tubes were properly fitted to the seed drill with a tractor-mounting mechanism.
The water seed drill was tested in the field for a performance evaluation with respect to water application, germination count, and the number of tillers and wheat yield. The drill was also tested in the dry field of Koont farm in Rawalpindi, Pakistan, along with the conventional method of sowing under the same field conditions. The water seed drill was calibrated both for water and seed prior to operation under field conditions. Water flow was measured at different openings of the main valve. To calibrate the drill, its seed box was filled with seed, and the drill was hitched up with the tractor at least 30 cm above the ground. Plastic bags were placed under each seed delivery tube. The drive wheel was spun by hand at a normal field speed up to the required number of revolutions. Then, a measured weight of the collected seed was compared with the calculated seed weight, using the following equation [4] . The area of 6.58 hectares (16.25 acres) was divided in 13 plots of 0.5 ha (45 m × 40 m) each. 12 were sown with a water seed drill, and the 13th plot by conventional methods, as shown in Figure 2 . The sowing operation was performed with a forward speed of 4.25 km/h and a maximum water flow rate of 90 mL/s (90, 70, and 50 mL/s), based on the existing moisture content in the soil, while the conventional plot was sown at same speed, with no water application. The data for moisture content (%), germination count (GC/m 2 ), number of tillers (tiller/m 2 ), and wheat yield (kg/ha) were collected. A wheat yield comparison for the last 17 wheat seasons from 2000-2001 to 2016-2017 was also performed.
The moisture content in the field was measured at two different depths, i.e., 3 and 6 inches, both before crop sowing and after the sowing of the crop with the water seed drill. By using a soil moisture sensor (HH2, ∆T devices), the seed germination rate was calculated in order to know how many plants emerged in a unit area (1 m 2 ) by counting the number of plants that emerged every day after emergence started. In every plot, three points of 1 m 2 were randomly selected to observe plant emergence. The plant tillering was also measured from the same selected unit area as described [30] . The average value of these three unit areas was then used. The data of rainfall for the last 17 wheat seasons, including the current studied crop periods (2017-2018), was collected from the Pakistan meteorological department (Govt. of Pakistan), Chakwal regional station [31] . The local standard rental cost of land preparation implements and market price of crop input were used to estimate the operational cost for water seed drills and conventional methods. The economic comparison was also performed by using the costs of agricultural machinery and crop inputs. 
Results and Discussion

Water Seed Drill Calibration
The water seed drill was tested in the field under variable flow rates and tractor speeds. The water applied was determined at different flow rates and tractor speeds. The seed quantity was also estimated before wheat sowing, as shown in Table 2 . The flow rates observed at three different injector openings (full open, two-thirds open, and one-third open) were 90, 70, and 50 mL/s respectively, but sowing was performed with the maximum flow rate. The designed seed rate of the seed drill varied between (0-250 kg/h), but for wheat sowing, the seed rate used was 125 kg/ha (6 kg/kanal). The seed drill calibration was performed, and the seed rate was calculated as 50 kg/acre (125 kg/ha). 
Soil Moisture Content
The moisture content in the field was measured at two different depths, i.e., 3 and 6 inches, both before crop sowing and after the sowing of the crop with the water seed drill. The average moisture 
Results and Discussion
Water Seed Drill Calibration
Soil Moisture Content
The moisture content in the field was measured at two different depths, i.e., 3 and 6 inches, both before crop sowing and after the sowing of the crop with the water seed drill. The average moisture content in all plots was enhanced by the operation of the water seed drill, i.e., 18.3% soil moisture content at 3 inches, which was twice that of the already existing average soil moisture content in the same plots (9.12%), as shown in Figure 3 .
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Moisture content added at 3 inches depth Moisture content added at 6 inches depth Wheat Yield (kg/ha) Figure 6 . The effect of moisture content on germination, tillers, and wheat yield in different plots. Figure 7 shows the difference in soil moisture content, the germination of seeds, the number of tillers measured, and the yield of wheat when sown with the water seed drill or under the conventional method. It is also clear from Figure 7 that the greater the soil moisture, the higher the germination and yield of the crop. conventional method. It is also clear from Figure 7 that the greater the soil moisture, the higher the germination and yield of the crop. 
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The 17-seasonal rainfall and annual wheat yield of Koont farm is shown in Figure 8 . Seasonal rainfall had a significant effect on the wheat yield in rainfed areas. The wheat seasons that had greater seasonal rainfall gave greater wheat yields, and the wheat seasons with less rainfall produced low wheat yields. The maximum wheat yield season was 2014-2015, with 1,076 mm 
The 17-seasonal rainfall and annual wheat yield of Koont farm is shown in Figure 8 . Seasonal rainfall had a significant effect on the wheat yield in rainfed areas. The wheat seasons that had greater seasonal rainfall gave greater wheat yields, and the wheat seasons with less rainfall produced low wheat yields. The maximum wheat yield season was 2014-2015, with 1076 mm seasonal rainfall, with 2570 kg/ha wheat yield, while the minimum wheat yield season was 2000-2001, with 33.5 mm seasonal rainfall, and 676 kg/ha wheat yield. Figure 7 . A comparison of moisture content on germination, tillers, and wheat yield between water seed drill and conventional sowing.
The 17-seasonal rainfall and annual wheat yield of Koont farm is shown in Figure 8 . Seasonal rainfall had a significant effect on the wheat yield in rainfed areas. The wheat seasons that had greater seasonal rainfall gave greater wheat yields, and the wheat seasons with less rainfall produced low wheat yields. The maximum wheat yield season was 2014-2015, with 1,076 mm seasonal rainfall, with 2,570 kg/ha wheat yield, while the minimum wheat yield season was 2000-2001, with 33.5 mm seasonal rainfall, and 676 kg/ha wheat yield. In the wheat season of 2009-2010, Koont research farm received 306 mm seasonal rainfall and had 965 kg/ha wheat yield. The current wheat season (2016-2017) was also under rain stress at 300 mm rainfall, and wheat was sown with the water seed drill. The plots sown with the water seed drill gave 2613 kg/ha wheat yield, despite the low rainfall, and this yield was 2.7 times more than the expected wheat yield. The fluctuations in wheat yield with the seasonal rainfall are shown in Figure 8 . The correlation between annual rainfall and wheat yield was found to be positive and strong, with an R-square value equal to 0.94.
Cost Analysis
The cost analysis for the water seed drill was performed to evaluate the total operational cost per hour (Table 3 ). The operational cost of water seed drill was Rs. 2686.18/h compared with the conventional drill (Rs. 1042/h). The higher operational cost of the water seed drill was because of its higher purchase price Rs. 125,000, and the water cost, Rs. 1561.25, at 0.25/L, as shown in Table 4 .
A comparison of the costs, both for the water seed drill and the conventional seed drill, was made in order to evaluate the differences, as shown in Figure 4 . The cost comparison included the cost of machinery, the land preparation cost, crop inputs cost, and labor cost. The total fixed cost per hour of the water seed drill was 2.77 times more than that of the conventional seed drill, while the total one hour operational cost of the water seed drill was 2.57 times more than that of the conventional seed drill. The additional cost in the water seed drill was 1561.25 Rs./ha for the application of water, but the yield obtained with water seed drill sowing was 2.15 times more than conventional seed drill sowing. The benefit-cost ratio for the water seed drill and the conventional seed drill are 1.49 and 0.27, respectively. 
Summary
The soil moisture deficit in the soil at wheat sowing time is the major constraint for good seed germination, and ultimately crop yield in the Pothwar region of Pakistan. The water seed drill was designed and developed at Koont research farm to fulfil the soil moisture deficit in the field at the time of sowing. The water seed drill is a combination of a water application system and the seed drill. It drops water into the seed-sowing furrow from a water tank mounted at the back of a tractor. The water flow can be controlled by a main valve at the tank, and water injectors can be used at each furrow. The water seed drill was tested at Koont Research Farm, PMAS Arid Agriculture University, Rawalpindi, Pakistan. The wheat was sown with a water seed drill and a conventional seed drill. An area of 6.58 hectares (16.25 acres) was divided in 13 plots of 0.5 ha (45 m × 40 m) each. 12 were sown with a water seed drill, and the 13th by the conventional method. The sowing operation was performed with a forward speed of 4.25 km/h and a maximum water flow rate (90, 70, and 50 mL/s), based on the existing moisture content in the soil, while the conventional plot was sown with the same speed, but with no water application. The data collected during the experiment were moisture content, seed germination, plant tillering, and wheat yield. The operation of the water seed drill gave 85% more moisture, and had a significant effect on the germination count and number of tillers, and ultimately on wheat yield. The germination count, number of tillers, and wheat yield of plots sown with the water seed drill was 95 % and 115% higher, when compared to that sown with the conventional seed drill. The water seed drill helped in advancing wheat sowing, ensuring the timely sowing of the crop in the absence of rainfall, especially in rainfed regions, and promoted drill sowing. The total investment cost with the water seed drill was 2.77 times more than the conventional seed drill. However, the wheat cost produced with the water seed drill was 2.15 times (49,000 Rs./ha) more than that of the conventional seed drill. The wheat sowing with the water seed drill led to Rs. 1561.25/ha more than that of the conventional seed drill.
